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(54) IMethod and apparatus for applying resin to armatures of dynamoelectric machines 



(57) A system for applying a controlled amount of 
resin to the coils of armatures on an armature manufac- 
turing line is provided. The system operates without 
costly piston displacement pumps by metering the resin 
according to weight instead of volume. A reservoir of 
resin is maintained on a scale which supplies an elec- 
tronic weight signal to a system controller. When resin is 
not being applied, the system uses the weight measure- 
ment to control the refilling of the reservoir. When resin 
is being applied, the system monitors the weight of the 



reservoir, stopping the dispensing of resin when the 
weight of the reservoir has decreased by the weight of 
resin to be applied. The same system can be used to 
adjust the flow rates of Individual valves or dispensers, 
by measuring the weight dispensed through a single 
valve or dispenser during an interval of predetermined 
duration, and adjusting the valve or dispenser until the 
desired weight is dispensed during the predetermined 
duration. 
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Description 

B ackground t*^e Invention 

The present invention relates to improvements in 
resin impregnation operations of the type carried out 
during manufacturing of armatures such as those used 
in electric motors or generators (collectively, "dynamoe- 
lectric machinesl. More particularly, the invention 
relates to improved methods and apparatus for dripping 
controlled volumes of resin at resin dripping stations. 

Previously known resin impregnation equipment 
attempts to dispense predetermined volumes of liquid 
resin onto the wire coils which have been wound within 
the slots of th e lamination stack of the armature. The liq- 
uid resin is dispensed by dripping it onto the outside 
turns of these wire coils In the area where the coils pro- 
trude from the axial ends of the lamination stack After 
the resin has been dripped onto the coils, it migrates, 
due to its viscosity and its mass, in a manner similar to 
capillary action, throughout the coil in order to fill any air 
gaps existing between the wires. After this operation, 
the resin usually is solidHied by heating the armature to 
a tenperature of between about 80«C and about 90-0. 
and then cooling it back to room temperature. 

The solidified resin bonds the coil wires together in 
order to make the coils as a whole extremely compact 
and to avoid unwanted vibration of the coil wires when 
the armature is caused to rotate as a rotor in the electnc 
motor into which it is ultimately assembled. A further 
benefit which is obtained from impregnating the coils to 
eliminate the air gaps present between the wires is that 
the armature is able to dissipate heat more easily when 
it is operating in the electric motor into which it is ufti- 
mately assembled. All of these factors contribute to 
improving the quality of the finished armature, which 
consequently brings with it an increase in the longevity 
of the electric motor into which the armature is ulti- 
mately assembled. 

In previously known techniques, after the armature 
is wound, the resin is applied to the coils by dripping it 
from resin dispensers which are aligned over the areas 
of the coils that protrude from the axial ends of the lam- 
ination stack. To obtain a uniform distribution of the 
resin in the coils and in an attempt to fill as many air 
gaps as possible, the armatures are rotated continu- 
ously while the resin dispensers drip the resin on the 
coils To achieve this, the resin dispensers are fed wHh 
resin by means of pumps which supply a predetermined 
volume of resin per unit time. 

By presetting the flow of these pumps and by caus- 
ing them to operate for a preset time, one can attempt to 
guarantee that predetermined weights of resin are 
applied to the coils in order to try to achieve the objects 
of resin impregnation as set forth above. To supply a 
preset weight of resin to the coils of the armature and to 
cause it to migrate uniformly is the underlying pnnciple 
for achieving good impregnation resutts. 

A first drawback which exists in the previously 



known techniques is that to guarantee application of a 
precise volume of resin to the coils of the armature, vol- 
umetric pumps based on piston displacement are used 
to pump the resin to the resin dispensers. These pumps 
5 supply an extremely precise volume of resin per unit 
time. However, they are expensive, and once in use they 
are often subject to maHunction If they are not cleaned 
meticulously to remove residual resin which would oth- 
entvise solidify and harden on their moving parts. 
10 Other types of pumps such as peristaltic pumps 
have used in the previously known systems instead of 
volumetric punps. again in an attempt to pump preset 
quantities of resin in a required time. However, while 
peristaltic pumps are less expensive than piston die- 
ts placement pumps, they are also less precise in deliver- 
ing constant quantities of resin per unit time. 

Because the weight of resin which is supplied by a 
peristaltic pump is affected by the viscosity of the resin 
during punping. these pumps are charactenzed by the 
20 production of undesirable variations in the weight of 
resin delivered when there are temperature variations in 
the resin that affect the viscosity. Such temperature var- 
iations in the resin are quite common and very difficult to 

control. . 
25 It is known to apply resin to armatures in stages. 
For example, a resin applying system may have four 
stations. In such systems, different amounts of resin 
may be applied at different stations. This allows time for 
the migration of resin to take place in a particular arma- 
30 ture during the intervals in which that armature is mov- 
ing between stations. For example, at the f irst station a 
relatively large amount of resin may be applied, 
because the armature has previously had no resin 
applied, and therefore can absorb a large amount 
35 between the turns of its coils. At successive stages, less 
and less resin is applied because it takes longer for the 
partially saturated armature to absorb the additional 
resin. In such systems, there is generally one measure- 
ment of the total amount of resin being applied per unit 
40 time by the system as a whole, with the amount being 
applied at each station determined by presetting the 
valves or drip nozzles of each station to a smaller or 
larger flow rate, so that it dispenses a smaller or larger 
fraction of the total resin being dispensed. The calibra- 
45 tion of the valves or nozzles for this purpose in previ- 
ously known systems has been performed manually. 
The operator wouW place a container under each noz- 
zle and manually measure the amount dispensed into 
each container by each respective nozzle in a given 
50 time. The operator would adjust each nozzle or its valve 
and allow the nozzle to again dispense resin into the 
container, repeating the process until the relative 
amounts dispensed by the nozzles were as desired. 
It wouW be desirable to be able to provide a method 
55 and apparatus for applying known quantities of resin to 
the armatures of dynamoelectric machines without 
using costly piston displacement pumps. 

n would also be desirable to b able to provide a 
method and apparatus for applying known quantities of 
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resin to the armatures of dynarrwelectric machines 
based on measurem«Tt of the weight of the resin as rt is 
being applied. 

It would further be desirable to be able to provide a 
simplified method for adjusting resin application stations 
that drip resin onto armatures of dynamoelectric 
machines. 

Summary of the Invention 

It is an object of this invention to provide a method 
and apparatus for applying known quantities of resin to 
the armatures of dynamoelectric machines without 
using costly piston displacement pumps. 

It is also an object of this invention to provide a 
method and apparatus for applying known quantities of 
resin to the armatures of dynamoelectric machines 
based on measurement of the weight of the resin as It is 
being applied. 

It Is a further object of this invention to provide a 
simplified method for adjusting resin application stations 
that drip resin onto armatures of dynamoelectric 
machines. 

In accordance with this invention, there is provided 
a system for applying resin to armatures of dynamoe- 
lectric machines. The system includes at least one resin 
dispenser for dripping resin on the armatures, a con- 
veyor for transporting the armatures past the at least 
one resin dispenser, a first reservoir for containing a 
supply of resin to be dripped onto the armatures by the 
at least one resin dispenser, means for maintaining a 
substantially constant pressure on the supply of resin in 
the first reservoir, and a dispensing conduit for conduct- 
ing the resin from the first reservoir to the at least one 
resin dispenser. A dispenser valve Is present in the dis- 
pensing conduit between the first resen^oir and the at 
least one resin dispenser. A means for weighing the first 
reservoir and producing weight signal indicative of the 
weight of the first reservoir is provided, along with a con- 
trol unit, having memory therein, for receiving the weight 
signal and for controlling the dispenser valve. The con- 
trol unit further is capable of receiving operator instruc- 
tions. On receiving operator Instructions to dispense a 
quantity of resin by weight, the control unit stores in the 
memory the instantaneous weight of the first reservoir. . 
causes the dispenser valve to open, monitors the weight 
of the first reservoir, and closes the dispenser valve 
when the weight of the first reservoir has decreased by 
that quantity. Methods for operating the system and for 
calibrating Its dispensers are also provided. t 

Brief Description of the nrgyyjngff 

The above and other objects and advantages of the 
invention will be apparent upon consideration of the fol- s 
lowing detailed description, taken in conjunction with 
the accompanying drawings, in which like reference 
characters refer to like parts tiiroughout, and In which: 



FIG. 1 1s a partially fragmentary perspective view of 
an armature in a resin applying station of a pre- 
fen-ed embodiment of a system according to the 
present invention; 

FIG. 2 is a schematic view of a prefen-ed embodi- 
ment of a resin applying system according to the 
present Invention. 

Detailed Descriptio n of the Invon^ Qn 

10 

According to the present Invention, a metfiod and 
apparatus are provided for monitoring the weight of 
resin supplied to tfie resin dispensers of an armature 
impregnation system, in order to assure that the resin 
15 dispensers apply a precise weight of resin to the arma- 
ture coils. By means of this invention, precise quantities 
of resin may applied to the armatures being impreg- 
nated and this precision can be maintained substantially 
constant throughout long periods of manufacturing, 
^o This invention is particularly suited to resin Impreg- 
nation as employed in modern motor manufacturing 
lines where predetermined weights of resin are to be 
dripped on the armature coils in a series of successive 
resin application stages at successive stations. At each 
25 of these stations a certain number of resin dispensers 
preferably drip a fraction of the total amount of resin 
which needs to be applied. At each station, the arma- 
ture is to receive a precise weight of resin. Between 
tiiese stations there is a pause in the application of resin 
30 during which the armature is transported to a succes- 
sive station at which there are number of additional 
resin dispensers. 

The measurement of the weight of resin being 
applied is accomplished by supplying the resin from a 
35 reservoir which is being weighed continually Preferably, 
the reservoir Is mounted on a scale platform which may 
be any suitable type of scale, such as a spring-loaded 
platform, a balance, a strain gauge, or any other type of 
scale, preferably with an electronically readable output 
40 that can be used by an automated confrd system. 
When resin is to be applied, ttie confrol system checks 
the weight of the reservoir, begins resin application 
while continuing to monitor the reservoir weight, and 
stops resen^oir application when the reservoir weight 
*5 has decreased by tiie weight of resin to be applied. 
When more than one resin dispenser or resin dispens- 
ing station is involved, the system preferably still moni- 
tors only the total weight dispensed from the reservoir, 
with the relative flow rates of the various dispensers 
)0 adjusted in advance. Thus, to achieve the delivery of a 
particular weight of resin from a particular dispenser, 
one can calculate how much has to be delivered from all 
active dispensers; conversely if one knows how much 
resin has been delivered in total, one can calculate how 
5 much resin has been delivered by a particular dis- 
penser. In fact. If there is more than one dispenser, then 
as long as their relative flow rates are known, the actual 
weight of resin delivered by any one dispenser can be 
derived from the total weight delivered regardless of 
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how many of the dispensers are active, as long as it is 
known which are active. 

An improved pumping technique is aiso provided 
according to a preferred emfcKxJiment of this invention 
for transfening the resin from a resin source to the resin s 
dispensers. This purrping technique avoids costly 
pumps, Is easy to clean and is able to produce substan- 
tially constant pumping pressures. Specifically, air 
under pressure preferably is supplied to the reservoir 
from any suitable compressor or other supply of com- io 
pressed air. The air under pressure preferably is fed 
through a pressure regulator to maintain a substantially 
constant pressure. The pressure drives the resin from 
the reservoir to the dispensers when the dispenser 
valves are open. is 

By using a substantially standard source of com- 
pressed air to provide the pressure that moves the 
resin, and by using measurement of weight to control 
the quantity of resin, this invention eliminates the need 
for costly piston displacement pumps, providing resin 20 
dispensing equipment which is relatively inexpensive 
and readily available. 

In addition, the system includes an automated elec- 
tronic control system, which may be based on any suit- 
able conventional microprocessor or computer. The 25 
control system preferably is provided with a user inter- 
face that is easy to use for the operator, and that prefer- 
ably provides visual and aural displays that are easy to 
understand. 

The system according to the invention preferably 30 
also monitors the amount of resin available, and notifies 
the operator if the supply should be refilled or replaced. 
Preferably, the system is designed so that the initial 
source is a standard drum of resin as supplied by a 
resin manufacturer. Resin preferably is pumped from 35 
that drum to a monitoring resen^otr which has automatic 
level monitors, capable of determining at least when the 
monitoring reservoir is full, when it approaches a 
threshold level at which it should be refilled, and when 
the level falls further below the threshold level (indicat- 40 
ing a potential malfunction as discussed below). After 
resin is dispensed from the pressurized, weighed main 
reservoir described above, a pump pumps additional 
resin from the monitoring reservoir until the scale indi- 
cates a weight that represents the main reservoir being 45 
full. While the resin is actually being dispensed, an iso- 
lation valve closes to prevent any resin from being 
pumped into the main reservoir, to maintain the pres- 
sure on the resin from the compressed air line, and to 
prevent any en'or in determining the weight of resin dis- so 
pensed that would arise from adding resin while it is 
being dispensed. 

As resin is pumped from the monitoring resen^oir to 
the main reservoir, and the resin level in the monitoring 
reservoir drops to the threshold level discussed above, ss 
another pump is activated to pump resin from the supply 
" e.g., the drum - to the monitoring reservoir If the level 
in the monitoring reservoir continues to drop, or if within 
a certain time inten/al after the activation f the supply 



pump the level has not increased, an en'or may be indi- 
cated as discussed below. 

The resin dispensing equipment of this invention is 
preferably capable of annunciating alarms when there 
are malfunctions tiiat cause imprecise quantities of 
resin to be dripped, which could lead to irreparat)le 
damage of the armatures. Also, the resin dispensing 
equipment of this invention can supply substantially 
continuous information on the performance of the 
impregnation equipment - e.g., to allow a trend analysis 
based on the dispensed quantities of resin which have 
been applied as a function of the production time. This 
information also allows for a timely warning to the oper- 
ator to replenish the main resin sources when they are 
near to being depleted. 

For example, as discussed above, if tiie resin level 
In the monitoring reservoir continues to drop after tiie 
supply pump is activated, or does not increase within a 
certain time interval thereafter, an indication is prefera- 
bly given to the operator. The operator would then check 
to see if the supply reservoir is empty If so, he would 
refill it from an external source, or. if it is a dmm as dis- 
cussed above, replace It, if the supply were not empty, 
however, the operator would then know that some other 
problem had arisen. For example, tiie supply pump may 
be malfunctioning. The operator couki take tiie neces- 
sary steps to prevent damage to armatures, Including 
shutting down the equipment if necessary, until repairs 
could be made. 

If the control system is programmed with tiie origi- 
nal weight of resin in tiie supply reservoir, tiien it could 
keep tiBck of the weight dispensed, and then advise tfie 
operator as the weight dispensed approached the origi- 
nal weight of the supply. The operator would then know 
that the supply will soon need to be refilled or replaced. 
And if the measured weight dispensed reached tiie orig- 
inal supply weight, but the level indicated in the monitor- 
ing resen^oir were not below the refill threshold, tiien a 
potential malfunction of either tiie scale or the level 
monitors, or both, could be indicated to the operator. 
Similarly, if the level monitors Indicated insufficient sup- 
ply even though tiie total weight dispensed according to 
tiie scale did not approach tiie original supply weight, 
tiien a malfunction of the scale or tiie level monitors 
oouM be indicated. Ottier components couki be moni- 
tored and error indications provided to the operator for 
investigation and possible repair. 

As in previously known systems, the resin dispens- 
ers of the present invention preferably have adjustable 
flow rates - i.e., with a supply under a given pressure, 
the weight of restn that will ftow from a dispenser per 
unit time can be adjusted. For example, the orifice 
tiirough which the resin is dispensed could be made 
larger a smaller, or each dispenser could have an 
adjustable valve. In tiie preferred embodiment tiie con- 
trol system allows easy calibration of the flow rate of 
eachdispens r. 

Each dispenser preferably has its own separately 
controllable valve. To calibrate a particular dispenser, 
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the operator would instruct the control system to open 
the valve of that dispenser only, and to close it after a 
predetermined duration. With the normal pressurization 
of the resin reservoir activated, the weight of resin dis- 
pensed during the calibration duration would be meas- 
ured, yielding a flow rate. If necessary, the operator 
could then adjust the dispenser to Increase or decrease 
the flow rate, and then instruct the system to dispense 
resin from that dispenser during another calibration 
duration. These steps could be repeated until the 
desired flow rate is achieved. The same steps could be 
performed for other dispensers until alt dispensers were 
calibrated. Alternatively, if the valve is the adjustable 
component as suggested above, the operator would 
instruct the control system to vary the degree to which 
the valve is opened during each calibration duration, 
until the desired flow rate is achieved. 

With ail of the dispensers calibrated, the system 
preferably can be used to apply different amounts of 
resin at different stations. In one preferred embodiment, 
the dispensers at different dispensing stations are cali- 
brated with different flow rates. In another prefen-ed 
embodiment, with the dispenser flow rates known, the 
various dispensers can be turned on (by means of their 
respective valves) for different durations. In this second 
preferred embodiment, the dispensers would most pref- 
erably be calibrated with identical flow rates, but there is 
no reason why a combination of different flow rates and 
different durations could not be used. Either way. the 
maximum duration for which any dispenser could be 
turned on is limited by the time that the conveyor carry- 
ing the armatures can remain stopped at a resin dis- 
pensing station; this time generally is dictated by other 
parameters of the armature- or motor-manufacturing 
line. 

The invention will now be described with reference 
to FIGS. 1 and 2. 

FIG. 1 shows an armature 1 0 which can be impreg- 
nated with resin according to the principles of the 
present invention. 

The armature 10 includes a lamination stack 11 
having slots 12 which receive wound coils of wire 13. 
The areas where the resin is applied to the coils corre- 
spond to extreme portions 14 and 14' which protrude 
from opposite ends of the lamination stack. A set S of 
resin dispensers 15 and 15' supplied with resin through 
respective tubes 16 and 16' are aligned over extreme 
portions 14 and 14' of the coils to drip the resin on the 
external coil wires. Rrst. the dripped resin migrates 
through the extreme portk>ns 14 and 14' to reach the 
portions of the coils which are within the slots 12 and 
then, as the air gaps in the coil portions within slots 12 
become filled, the resin is able to fill and remain in the 
air gaps which are present in the extreme portions 14 
and 14'. 

Holding devices 17 and 17* shown in partial repre- 
sentation hoW the ends of shafts 18 and 18' in order to 
maintain the armature coils in alignment with the resin 
dispensers 15 and 15' while the latter are dripping resin. 



Homing devices 17 and 17' are also capable of rotating 
armature 10 around its longitudinal axis during or after 
the application of resin. Holding devices 17 and 17' are 
part of the conveyor which transfers the annature 

5 through the resin dispensing station where the resin dis- 
pensers 15 and 15' are installed. Conveyor equipment 
of this type may be conventional, as shown in com- 
monly-assigned U.S. Patent 5.401.531. 

A plurality of armatures 10 are transported by the 

10 conveyor through the resin dispensing station. Each 
armature 10 is held by devices preferably like devices 
1 7 and 1 7' fixed to the conveyor and spaced apart by a 
distance preferably substantially equal to the distance 
which separates adjacent sets S of resin dispensers 15 

15 and 1 5' in the resin dispensing station. If the conveyor is 
advanced this distance at regular time intervals, the 
combined sets of resin dispensers S are able to pro- 
duce an intermittent output of armatures at substantially 
the same production rate as the overall manufacturing 

20 line. 

FIG. 2 shows a preferred embodiment of the equip- 
ment according to this Invention for supplying the resin 
through tubes 16 and 16' to the sets of resin dispensers 
15 and 15' shown in FIG, 1 . 

25 With reference to FIG. 2, supply reservoir 20 con- 
tains the resin. As shown, reservoir 20 preferably is a 
standard drum in which the resin is available from its 
manufacturer, as discussed above. Tube 20' comects 
drum 20 to a pump 21 , which is preferably a peristaltic 

30 pump such as that commercially available from Auto- 
clude, of the United Kingdom, for providing resin flow 
rates of preferably up to 4 liters per minute. Pump 21 
transfers the resin from the supply drum 20 to monitor- 
ing reservoir 22 through tube 21'. Signal line 21" from 

35 controller CT is used to control pump 21. Monitoring 
reservoir 22 is provided with level sensors A, B and C 
which will be described with more detail below. 

Signal line 23" from controller CT is used to control 
a pump 23, which preferably is a diaphragm pump. Dia- 

40 phragm pump 23 draws the resin from monitoring reser- 
voir 22 through tube 22' and transfers it to pressurized 
reservoir 25 by means of tube 23'. An electrically oper- 
ated valve 24 is preferably connected between tube 23' 
and the entry of pressurized resen/oir 25 to impede, or 

45 to allow, passage of the resin when valve 24 is closed or 
opened, respectively, by a signal on line 24' coming 
from the controller CT. The resin leaves the pressurized 
reservoir 25 through tube 25' which leads to collector 
28. From collector 28, tubes 28* supply the resin through 

50 tubes 16 and 16' to the resin dispensers 15 and 15' by 
passing it through valves 29. Valves 29 can be opened 
or closed by signals sent along lines 29' coming from 
the controller CT, to allow passage of the resin to the 
resin dispensers 15 and 15' for dripping on the coils of 

55 the armature 10. or to impede dripping of the resin on 
the coils, respectively. 

Level sensors A. B and C are used to control peri- 
staltic pump 21 , which in turn is used to maintain a suf- 
ficient quantity of resin in monitoring resen^oir 22. 
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Sensor A measures when peristaltic pump 21 has suffi- 
ciently filled monitoring reservoir 22 by sensing when 
the resin level becomes proximate to it. When the level 
of the resin in monitoring reservoir 22 is proximate to 
sensor A. a signal from sensor A along line A' tells the 
controller CT to issue a command on signal line 21" to 
stop the peristaltic pump 21 from supplying further resin 
from drum 20. 

Sensor B measures when the resin reaches a min- 
inwm level in monitoring reservoir 22 by sensing when 
the level of the resin becomes proximate to It. When the 
level of resin becomes proximate to sensor B. sensor B 
sends a signal along line B' to the controller CT causing 
controller CT to issue a command on signal line 21" to 
start the peristaltic pump 21 so that resin can be replen- 
ished up to the level sensed by sensor A. 

Sensor C detects possible malfunctions of the 
Impregnation system and sends a signal along line C if 
monitoring reservoir 22 continues to have a level below 
sensor B and proximate to sensor C even after the per- 
istaltic pump 21 has been operating tor some time. A sit- 
uation like this can occur if the peristaltic pump 21 . even 
though it has been operating for some time, is for some 
reason not able to supply sufficient resin to monitoring 
reservoir 22 e.g.. because drum 20 may be empty or 
punp 21 may be malfunctioning. 

Pressurized reservoir 25 is preferably a substan- 
tially airtight container with openings only for connecting 
electrically operated valve 24, tube 25' and air pressure 
tube 27. Air pressure tube 27 supplies air, from a source 
indicated by arrow R under pressure which can be 
adjusted by means of regulator 2T in order to maintain 
a desired pressure within pressurized reservoir 25. This 
pressure within pressurized reservoir 25 forces the 
resin from the pressurized reservoir 25 to the resin dis- 
pensers 15 and 15' in order to drip the resin onto the 
armature coils. 

Pressurized reservoir 25 preferably rests on elec- 
tronic scale 26 which provides to controller CT along 
line 26' a signal indicative of the instantaneous com- 
bined weight of pressurized reservoir 25 and the resin 
within it. The controller CT corrects the weight value 
corresponding to this signal by deducting the known 
weight of the pressurized reservoir 25, In order to yield 
the instantaneous weight of resin which is present in 
pressurized resen«)ir 25. To do this, controller CT pref- 
erably is programmed prior to activation of the impreg- 
nation system with the known the weight of the 
pressurized reservoir 25. As set forth above, scale 26 
can be any suitable type of scale that has an electronic 
output that can be used by controller CT 

By means of the air pressure supplied through tube 
27, the resin is driven from pressurized reservoir 25 
through collector 28 and then through open valves 29 to 
reach the resin dispensers 15 and 15'. The valves 29 
can be preset to supply a certain flow of resin which 
preferably is neither too high nor too low, to supply an 
approximate required weight of resin in a minimum 
amount of time during which the conveyor will be sta- 



tionary More precisely, there is a limit to how long the 
conveyor can be stationary, v^ich is determined by the 
production rate of the overall armature manufacturing 
line. Therefore, the valves 29 are preferably adjusted to 

5 supply the target weight of resin before the conveyor 
has to start moving again to maintain the production 
time - e.g., a movement every six seconds. Alterna- 
tively, valves 29 can merely open or dose, and the flow 
rates can be adjusted in the manner discussed above. 

10 by controlling the time that any one valve 29 is open, or 
by adjusting the orifices of individual dispensers 1 5, 1 5'. 

While resin is being dispensed, new resin is not 
pumped into pressurized reservoir 25; othenwise, the 
determination of the weight of resin dispensed could not 

15 be made by weighing resen/oir 25 with scale 26. When 
resin is being dispensed, controller CT closes valve 24 
to prevent resin from being pumped into reservoir 25. 
Closing valve 24 also maintains the proper pressure on 
the resin. 

20 The operator's controls, shown schematically at 
200, preferably have a display 201 which indicates the 
weight changes sensed by the balance 26. The opera- 
tor can use this display information to help him can^y out 
the required adjustments of valves 29 or dispensers 15. 

25 15. In addition, the various alarm conditions described 
above, and any other alarm conditions that may occur, 
can be annunciated on display 201 , or on additional vis- 
ual indicators 20r. Sounder 202 may also be provided 
to annunciate an aural alarm. Keyboard 203. or other 

30 entry device, can accept operator commands, and 
input/output interface 204 may also be provided to 
accept data or commands from, or send data or com- 
mands to, another system, such as the controller of the 
overall armature manufacturing line. 

35 By means of the conveyor a particular armature to 
which resin is to be applied is presented at successive 
time intervals in alignment with each of the resin dis- 
penser sets S^, S2. S3 and S4 shown in FIG. 2, which 
are located one after the other alongside the conveyor. 

40 Each resin dispenser set according to the invention 
drips a predetermined fraction of the total weight of 
resin which is to be applied to the armature. Preferably, 
as discussed above, the first resin dispenser set which 
an armature encounters will be adjusted to drip onto the 

45 coils a greater weight of resin than the weights of resin 
which are dripped onto that armature by the subsequent 
resin dispenser sets. Between two successive align- 
ments of the armature with two adjacent resin dispenser 
sets, a certain perkxi of time passes to allow transport 

50 Of the armature, by means of the conveyor, through the 
separation distance between the resin dispenser sets. 

As already described above, valves 29, or dispens- 
ers 1 5, 15* themselves, are preferably adjusted so that a 
greater amount of resin is applied by the first resin dis- 
ss penser set. This is because at the beginning, when the 
armator is without resin or has received only a small 
quantity of the resin, th resin migrates mor quicWy 
through the coils. Later, when the coils are already 
Impregnated with more resin, the migration is slower. 
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Therefore, each subsequent resin dispenser set prefer- 
ably supplies in a substantially equal time a smaller 
quantity of resin; othenwise. it is possible that excess 
resin may drip off the coils and be wasted. Again, as set 
forth abwe. valves 29 could be closed sooner at certain 
stations than at others. 

Each armature preferably remains in alignment with 
a resin dispenser set for a time determined by the pro- 
duction rate of the armature manufacturing system. At 
the end of this time, the armature is moved fonward to 
become aligned with the next set of resin dispensers, or 
if the armature has just been treated by the last resin 
dispenser set. to leave the resin dispenser station. 
Valves 29 are opened to allow passage of the resin to 
the resin dispensers 15 and 15\ so that it can be 
dripped on the coils, only when the armatures are prop- 
erly aligned with the resin dispensers. The conveyor is 
further provided with the capability to rotate the arma- 
tures continuously both when they are aligned and 
receiving resin from the resin dispensers, as well as 
aftenwards when they are being transfen^ed between 
adjacent resin dispenser sets. This rotation aids in uni- 
form distribution of the resin within the coils and favors 
the complete migration of the resin within the coils. 

Preferably, when the pressurized reservoir 25 starts 
to supply resin, all of the resin dispensers 1 5 and 1 5' are 
caused to drip resin by opening the valves 29 at sub- 
stantially the same instant. Closure of these valves 29 
occurs when there is a determination by the controller 
CT that the weight of resin that has left pressurized res- 
ervoir 25 is equal to a predetermined quantity which has 
previously been programmed into the controller CT. This 
determination is made by the controller CT which veri- 
fies the signal coming from the balance 26. More partic- 
ularly, once this signal is equal to a predetermined value 
coffesponding to the weight of resin which should be 
dispensed by pressure container 25, valves 29 are 
closed and the conveyor, after the production time has 
passed, proceeds to move the armatures fbnward to 
receive further resin or to allow an armature of the last 
dispenser set to leave the impregnation system. Valves 
29 are opened, to dispense resin as has been 
described above, once the conveyor equipment sup- 
plies a signal to the controller CT to inform that the 
armatures are again aligned with the resin dispensers. 
This signal comes from the control equipment which 
moves the conveyor (not shown), and which may be 
conventional. 

There may be alternatives to opening the valves 29 
at the same time to start dripping resin. More particu- 
larly, because the controller CT is able to determine the 
weight of resin which is leaving pressurized reservoir 
25, the controller CT can open some valves 29 only 
after a certain weight of resin has already been dripped 
by other valves 29 which are opened as soon as the 
conveyor gives the signal that the armatures are 
aligned. 

Similarly, some valves 29 can be closed before oth- 
ers If a certain weight off resin has been dispensed by 



the valves 29 which are open. When this weight is 
reached, some valves 29 may be left open while others 
are closed. To carry out such differential pening and 
closing of the valves 29, controller CT may be pro- 
5 grammed in advance with the weight of resin which 
should trigger the opening or closing of the valves 29 
and also with a list of which of the valves 29 should be 
respectively opened or closed when this weight is 
reached. 

10 Furthermore, controller CT is able to sum from a 
preset instant onwards the weight of resin leaving the 
pressurized reservoir 25 during each transfer operation 
of the conveyor. With this capability, the controller CT is 
able to calculate the accumulated consumption off resin 

IS as resin is applied to the armatures by the resin dis- 
pensing station, and is able to periodically compare this 
consumption with a refference value representing the 
total resin which is contained in a full drum such as 
drum 20. When these values are substantially equal, 

20 controller CT may annunciate an alarm which warns the 
operator that the drum needs to be changed or refilled. 
Controller CT also performs a timing verification to ver- 
ify the time which it takes to si^ly predetermined 
weights of resin from pressurized reservoir 25. If this 

25 time, as determined based on the weights indicated by 
scale 26, exceeds a predetermined maximum time pro- 
grammed into the controller CT then the controller CT 
may annunciate an alarm to indicate that there is a mal- 
function in the impregnation system. The controller CT 

30 also may supply to the operator the weight of resin leav- 
ing the pressurized reservoir 25 during each transfer 
operation of the conveyor and the related time which it 
has taken to supply this weight of resin to the arma- 
tures. This information may be Important to the operator 

35 because he may be able to establish trends concerning 
the pumping performance of the system, and the vis- 
cosity characteristics of the resin. Once the trend shows 
that conditions of weight and/or time are becoming less 
constant, valves 29. or the pressure supplied along line 

40 27. may be readjusted to prevent the impregnation sys- 
tem from applying unacceptable quantities of resin to 
the armatures. Similarly, as discussed above, the cumu- 
lative weight of resin dispensed can be tracked, and 
when an amount approaching the weight of resin in a 

45 full drum 20 is reached, if level sensor C has not indi- 
cated that drum 20 should be changed or refilled, an 
alarm can be annunciated to indicate that one or more 
of level sensor C, scale 26 and controller CT are mal- 
functioning, because they are disagreeing as to whether 

50 or not drum 20 should be changed or refilled. As dis- 
cussed above, all of these (and other) alarm conditions 
can be annunciated visually on displays 201, 201' or 
aurally by sounder 202. 

As discussed above, the resin is replenished in 

55 pressurized reservoir 25 by a supply obtained through 
diaphragm pump 23. Pump 23 is turned on to supply the 
resin to the pressur container by a signal sent on line 
23" when the controller CT verifies that the weight of 
resin measured by balance 26 Is close to a minimum 
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value which is programmed into the controller CT during 
the setup stage of the impregnation system. During 
punping by the diaphragm pump 23 to replenish resin 
in the pressurized reservoir 25, electricatly operated 
valve 24 is maintained in an open condition by an exci- 
tation signal sent along line 24'. The diaphragm pump 
23 is switched off, to stop supplying resin to the pressu- 
rized reservoir 25. when the balance 26 measures that 
a preset maximum weight of resin has been reached. 

As discussed above, pumping by the diaphragm 
pump 23 to fill the pressurized reservoir 25, and con- 
temporaneous opening of the electrically operated valve 
24, occur only during the transfer periods of the con- 
veyor. More precisely, no resin is supplied by the dia- 
phragm pump 23 to the pressurized reservoir 25 during 
the periods when resin is dripped on the armatures. To 
achieve this, the diaphragm pump 23 is commanded to 
stop pumping based on the signal received from the 
controls of the conveyor equipment which indicates that 
the armatures are aligned to receive the resin. 

Substantially at that nx)ment, as discussed above, 
controller CT stores in memory the weight of resin in 
pressurized reservoir 25 as a reference, to determine 
when the required weight of resin has been dripped on 
the armatures, so that valves 29 can be closed at the 
proper time. 

Thus it is seen that a method and apparatus have 
been provided for controlling the amount of resin 
applied to armatures of dynamoelectric machines with- 
out costly piston displacement pumps based on the 
weight of the resin being applied, and which allow for 
convenient operator adjustment of the resin dispensers. 
One skilled in the art will appreciate that the present 
invention can be practiced by other than the described 
embodiments, which are presented for purposes of 
illustration and not of limitation, and the present inven- 
tion is limited only by the claims which follow. 

Claims 

1. A system for applying resin to armatures of 
dynamoelectric machines, said system comprising: 

a source of resin; 

a dispenser for dispensing said resin onto at 

least one of said armatures; 

means for weighing said source of resin while 

said resin is being dispensed by said dispenser 

to determine a weight of resin being dispensed; 

and 

means for controlling said dispenser respon- 
sive to said determined weight. 

2. The resin applying system of claim 1 further com- 
prising a conveyor for transporting said armatures 
past said dispenser. 

3. The resin applying system of claim 1 wherein: 

said sourc of resin conprises a first reser- 



voir for containing a supply of resin to be dripped 
onto said armatures by said dispenser; said system 
further comprising: 

5 a delivery system for supplying said resin from 

said source of resin to said dispenser. 

4. The resin applying system of claim 3 wherein said 
delivery system comprises: 

10 

means for maintaining a substantially constant 
pressure on said supply of resin in said first 
reservoir, 

a dispensing conduit for conducting said resin 
75 from said first reservoir to said dispenser, and 

a dispenser valve in said dispensing conduit 
between said first reservoir and said dispenser. 



5. The resin applying system of claim 4. wherein: 

20 said weighing means provides a signal rep- 

resentative of said weight; 

said control means comprises a control unit 
responsive to said signal; and 

said delivery system further comprises: 

25 

a supply resen/oir containing a supply of said 
resin; 

a monitoring reservoir having a plurality of level 
monitors for monitoring a level of said resin 

30 therein; 

a supply conduit for supplying resin from said 
supply reservoir to said monitoring resen/oir; 
a supply pump in-line in said supply conduit; 
a feed line connecting said monitoring reservoir 

35 to said first reservoir; and 

a feed pump in-line in said feed line; wherein: 
each of said level monitors is connected to said 
control unit for supplying a respective level sig- 
nal thereto; 

40 each of said supply pump and said feed pump 

is connected to. and controllable by, said con- 
trol unit; 

said feed pump punps resin from said monitor- 
ing reservoir to said first reservoir whenever 

45 said dispenser is not dispensing resin and said 

first reservoir is not full; and 
said supply pump pumps resin from said sup- 
ply reservoir to said monitoring reservoir when 
said level signals indicate that resin in said 

so monitoring reservoir has fallen below a prede- 

termined level. 

6. The resin applying system of claim 5 further com- 
prising an alarm annunciator connected to said 

55 control unit; wherein: 

said control unit causes said alarm annunci- 
ator to annunciate a refill alarm when said level sig- 
nals from said level monitors indicate that said level 
of resin in said nwnitoring reservoir is not increas- 
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ing after operation of said supply pump, irxjicating 
at least one of (a) oiatfunction of said supply pump, 
and (b) that said supply reservoir is at least sub- 
stantially empty and requires one of (1) refilling and 
(2) replacement. 

7. The resin applying system of claim 6. wherein: 

an initial weight of said resin in said supply 
reservoir is stored in said menK>ry of said control 
unit; 

said control unit accumulates in said mem- 
ory a cumulative weight of said resin dispensed 
from said first reservoir; and 

said control unit causes said alarm annunci- 
ator to annunciate a supply alarm when said cumu- 
lative weight of resin dispensed from said first 
reservoir approaches said initial weight of said resin 
in said supply reservoir, indicating that said supply 
reservoir is at least substantially empty and 
requires one of (a) refilling and (b) replacement. 

8. The resin applying system of claim 7 wherein said 
control unit causes said alarm annunciator to 
annunciate a mismatch alarm when one of (a) said 
level signals, and (b) said cumulative weight of resin 
dispensed, indicates that said supply reservoir is at 
least substantially empty and the other of (a) said 
level signals, and (b) said cunrulative weight of resin 
dispensed, fails to indicate that said supply reser- 
voir is at least substantially empty, said mismatch 
alarm Indicating a malfunction in at least one of (a) 
said level monitors, (b) said weighing means, and 
(c) said memory for accumulating said cumulative 
weight of resin dispensed. 

9. The resin applying system of claim 5 further com- 
prising an alarm annunciator connected to said 
control unit; wherein: 

an initial weight of said resin in said supply 
reservoir is stored in said memory of said control 
unit; 

said control unit accumulates in said mem- 
ory a cumulative weight of said resin dispensed 
from said first resen^oir; and 

said control unit causes said alarm annunci- 
ator to annunciate a supply alarm when said cumu- 
lative weight of resin dispensed from said first 
reservoir approaches said initial weight of said resin 
in said supply reservoir, indicating that said supply 
reservoir is at least substantially empty and 
requires one of (a) refilling and (b) replacement. 

10. The resin applying system of claim 5 further conrv 
prising an isolation valve for isolating said first res- 
ervoir from said feed line when said dispenser is 
dispensing resin, for maintaining said substantially 
constant pressure on said resin in said first reser- 
voir when said dispenser is dispensing resin. 



11. The resin applying system of claim 4 wherein said 
means for maintaining a substantially constant 
pressure on said supply of resin in said first reser- 
voir comprises: 

5 

a source of air pressure; 
an air pressure line connecting said source of 
air pressure to said first reservoir; and 
a pressure regulator in-line in said air pressure 
to line. 

12. The resin applying system according to any of the 
preceding claims connprising at least one resin dis- 
pensing station, each said resin dispensing station 

rs comprising two said resin dispensers, one for each 
end of an armature. 

13. The system of claim 12 comprising a plurality of 
said resin dispensing stations, each of said plurality 

20 of resin dispensing stations dispensing a different 
dispensed weight of resin per unit time as com* 
pared to others of said plurality of resin dispensing 
stations. 

25 14. The system of claim 13 comprising a plurality of 
said dispenser valves con^espondlng to said plural- 
ity of dispensers, said different dispensed weights 
being provided by opening and closing a first por- 
tion of said plurality of dispenser valves at at least 

30 one different time tiian one or more second por- 
tions of said plurality of dispenser valves. 

15. The system of claim 13 wherein each said dis- 
penser has an adjustable flow rate, said different 
35 dispensed weights being provided by adjusting the 
flow rate of each of said plurality of dispensers. 
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